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Summary
Objective: The purpose of this study was to evaluate the effect of pregnancy on mRNA levels for several relevant molecules between five
articular cartilage surfaces of the rabbit knee joint.
Design: Total RNA was extracted from the following five knee joint articular surfaces: the lateral and medial femoral condyles (LFC and MFC);
the lateral and medial tibial plateau (LTP and MTP); and the femoral groove (G) from pregnant and age-matched non-pregnant skeletally
immature New Zealand White rabbits. The RNA was analysed by the sensitive molecular technique of semi-quantitative reverse
transcription-polymerase chain reaction (RT-PCR) using rabbit specific primer sets. Two types of comparisons were performed:
(i) comparison of mRNA levels between cartilage surfaces and (ii) comparison of mRNA levels between pregnant and non-pregnant rabbits
within the same articular surfaces.
Results: (i) Total RNA yield from the MFC and G represented 53 and 58% of the total RNA amount from the five cartilage surfaces in both
non-pregnant and pregnant rabbits, respectively. Transcript levels for progesterone receptor (PR), aggrecan and biglycan were similar in all
of the cartilage surfaces. In contrast, the cartilage surfaces exhibited significantly different transcript levels with a similar pattern for the
estrogen receptor (ER), collagenase and urokinase (i.e., MTP<LTP<MFC=G<LFC). In addition, mRNA levels were significantly different for
type II collagen (COL 2) between the LFC and MTP, for decorin between the LTP and both LFC and G, for TIMP-1 between the MFC and
both the LTP and the G, as well as for PAI-1 between the LTP and MTP.
(ii) Total RNA concentration from pregnant animals were significantly decreased in the MFC and the G. For all molecules studied except
PR, there was a general tendency for decreased mRNA levels during pregnancy. Compared to non-pregnant rabbits, mRNA levels were
significantly decreased in pregnant rabbits for ER in the LFC, LTP and MTP; for COL2 in both LTP and MTP; for aggrecan in the MTP, for
biglycan in both LTP and MTP, for decorin in the MTP and G; for collagenase in the LFC, LTP, MTP and G, for urokinase in the LFC, MFC
and LTP; for TIMP-1 in the MFC, LTP and MTP. In contrast, PAI-1 exhibited increased mRNA levels during pregnancy in the LFC and LTP.
(iii) Comparison of results between the present and the previous study demonstrates that subtle changes in one or more of the cartilage
surfaces may be obscured if cartilage is pooled.
Conclusion: The present study demonstrates that regulation of RNA levels in articular cartilage during pregnancy is complex and variable
between cartilage surfaces. © 2000 OsteoArthritis Research Society International
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Variations in the biochemical composition of normal articu-
lar cartilage among different topographical areas of the joint
have been previously reported.1–6 In particular, several
studies have demonstrated that the glycosaminoglycan,1–6
as well as the collagen,1,2,7–11 content of articular cartilage
varies among different joint areas. Cartilage thickness, as
well as chondrocyte density, of the normal ovine knee joint
have been shown to vary not only between the femoral
condyles and the tibial plateau, but also between both the
medial and the lateral compartments.12 The articular carti-
lage of the tibia is generally described as thicker with a
lower density of chondrocytes than that of the femur.4,12–1453Moreover, articular cartilage from the medial compartment
of the ovine joint has been reported to be thicker12 and less
cellular than that of the lateral compartment.4,12 In addition,
in canine experimental osteoarthritis, articular cartilage
hypertrophy has been reported to differ within different joint
areas.6
Heterogeneity in biomechanical behaviour has also been
described between different regions of normal human
articular cartilage within a joint.15,16 Significant differences
in aggregate modulus as well as permeability between
cartilage from patellar groove and femoral condyles have
been reported in various species.16 Similar findings have
been described with cartilage from various regions of the
human hip joint.15 In addition, changes in biomechanical
behavior of the medial femoral condyle of the rabbit knee
joint has been demonstrated during pregnancy.17 The
creep time constant for cartilage during pregnancy was
determined to be different between the medial femoral
condyle and the lateral femoral condyle.
While biochemical composition has been extensively
studied, and to a lesser extent biomechanical behavior
regarding variable topographical areas of joint cartilage,
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has reported variations between different topographical
regions. Articular cartilage is a dense connective tissue
composed of relatively few chondrocytes embedded in an
extracellular matrix constituted mainly of type II collagen
and aggrecan. Therefore, as articular cartilage is relatively
paucicellular and because of the lack of sensitivity in the
classical RNA extraction methods, large amounts of tissue
have been traditionally required for RNA analysis. There-
fore, most of the molecular studies requiring RNA extrac-
tion have been performed using pooled articular cartilage
surfaces.
In a recent work, the influence of pregnancy on gene
expression in articular cartilage of the rabbit knee joint
using a semi-quantitative RT-PCR technique was de-
scribed.18 As the quantity of cartilage available from the
rabbit knee is limited and biochemical analysis not feasible,
this RT-PCR technique allows an accurate, reproducible
assessment of cell activity. The results indicated that the
method can be readily used to analyse RNA from rabbit
articular cartilage. It was demonstrated that alterations in
total RNA levels, as well as mRNA levels for a subset of
relevant molecules, were detectable during pregnancy.18 In
skeletally immature primigravida animals, a general trend
toward a decrease in mRNA levels was observed. How-
ever, in this previous study, articular cartilage from different
surfaces was pooled prior to RT-PCR. Thus, the purpose of
the present study was to document the differences in total
RNA and mRNA levels between five different cartilage
surfaces and to investigate the effect of pregnancy on
cartilage gene expression within the same cartilage
surfaces.Materials and methods
TISSUE PREPARATION
Pimigravida (5 months of age) (N=6) and age-matched
non-pregnant control (N=6) New Zealand white rabbits
(Reimans Fur Ranch; St Agatha, ON) were used as the
source of animal tissue. Pregnant animals were purchased
at 21 days gestation and were killed 8 days later (29 days
gestation). Age-matched non pregnant rabbits were killed
at the same time. Gestation in the rabbit is 31–32 days.
Pregnancy was confirmed at the time of death. All animals
were killed by euthanyl overdose (MTC Pharmaceuticals;
Cambridge, ON) intravenously through the lateral ear vein.
The articular cartilage was removed aseptically from the
following five articular surfaces from the knee joints: lateral
and medial femoral condyles (LFC and MFC), lateral and
medial tibial plateau (LTP and MTP), and femoral groove
(G) (Fig. 1). Fresh cartilage tissue samples were immedi-
ately weighed before frozen in liquid nitrogen and stored
at −80°C prior to processing for RNA extraction. Each
articular surface was stored and processed independently.
Animals were housed locally in accordance with Canadian
Council on Animal Care Guidelines and with the approval of
the Faculty of Medicine Animal Care Committee.RNA EXTRACTION
Total RNA from AC was extracted using the TRIspin
method as described previously.19 Total RNA was quanti-
fied using the SyBr green reagent (FMC BioProducts;
Rockland, ME) and a Perkin Elmer fluorimeter. All samples
were stored at −80°C until analysed.Fig. 1. Schematic representation of the different areas of cartilage
used in the study. LFC=lateral femoral condyle; MFC=medial
femoral condyle; LTP=lateral tibial plateau; MTP=medial tibial
plateau and G=groove.REVERSE TRANSCRIPTION AND SEMIQUANTITATIVE POLYMERASE
CHAIN REACTION (PCR)
Reverse transcription (RT) was carried out with 1 ìg total
RNA using the StrataScript (tm) RT-PCR kit (PDI Bio-
Science; Aurora, ON). Using rabbit specific primer sets
described in Table I, aliquots of cDNA were amplified by
PCR using a Techne Genius thermocycler (Cambridge
limited, Princeton, NJ) and Taq and Buffers for PCR from
Pharmacia Amersham (Pharmacia Amersham, Piscataway,
NJ). For all reported experiments, conditions were deter-
mined to be in the linear range for both the PCR amplifi-
cation and the image analysis system as described
previously18–20 and the no-RT controls were negative.
Briefly, for each group of samples (i.e., RNA from the LFC,
MFC, LTP, MTP and G from pregnant and non-pregnant
rabbits) all of the samples were subjected to RT at the
same time and subsequently, all samples of cDNA were
amplified by PCR at the same time to avoid any potential
experiment to experiment variation in efficiency. Each RT
sample was assessed for GAPDH (housekeeping gene)
cDNA. Levels of GAPDH mRNA did not vary between the
compartments. Following 21–22 PCR cycles, previously
shown to yield results in the linear range of the method, the
volumes were normalized and the PCR repeated to yield
very similar GAPDH integrated density values. Once the
GAPDH values were determined to be similar, and in the
linear range of detection, the same volumes of each
sample were then used to assess the cDNA levels for the
remaining molecules of interest (PCR total volume=50 ìl).
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subset of the genes assessed previously that exhibited
significant alterations or trends toward an increase or
decrease in mRNA levels during pregnancy.18 Such an
experimental construct allowed for comparisons between
groups (i.e., LFC vs MFC and pregnant vs non-pregnant).
For each primer set, the optimal cycle number was
determined and the resulting amplified bands analysed by
densitometry. Integrated density values for the genes in
question were normalized to the GAPDH values to yield a
semi-quantitative assessment. Two independently isolated
clones of each amplified cDNA fragment have been
sequenced to verify the identity of the cDNA product.STATISTICAL ANALYSIS
Total RNA values are given as mean±standard
deviations of six rabbits. Comparisons were made using
one-way ANOVA and the BonFerroni correction was sub-
sequently applied as a post test when comparing pairs of
group means. mRNA values are given as mean±standard
error of mean of six rabbits. Comparisons between articular
surfaces within the non-pregnant animals were made using
one-way ANOVA and the BonFerroni correction was sub-
sequently applied as a post test to compare pairs of group
means. Comparisons between pregnant and non-pregnant
animals were made using one-way ANOVA. Differences
with P-values of less than 0.05 were considered significant.ResultsRNA CONCENTRATIONS AND YIELDS
The mean concentrations of total RNA per mg wet weight
of tissue are given in Fig. 2. Compared to non-pregnant
animals, the concentrations of total RNA per mg of tissue in
both the MFC and G were significantly decreased by 47
and 52%, respectively in pregnant rabbits (P=0.013 and
P=0.008, respectively) (Fig. 2). For the LFC, LTP and MTP,
there was also a general trend to a decrease in total RNA
concentration, but no statistical significance was observed
due to sample variation (Fig. 2). When comparing total
RNA concentrations between each of the articular surfaces
(i.e., LFC, MFC, LTP, MTP and G) within the non-pregnant
animals, significant differences were observed (P<0.0001).
Significant differences in total RNA concentrations between
four pairs of cartilage surfaces (MFC/MTP: P<0.001; MFC/
LTP: P<0.01; LFC/MTP and MTP/G: P<0.05) were
observed. While the total RNA concentrations exhibited
some variation between each of the cartilage surfaces
in the primigravida rabbits, no statistically significant
differences were observed.
Analysis of total RNA yields [i.e., (ìg of total mRNA/
mg)×(mg wet weight of cartilage surface)] showed signifi-
cant differences between cartilage surfaces in the non-
pregnant group (P=0.009). Significantly lower total RNA
yields in the MTP compared to the G were noted (P<0.05)
(Fig. 3, Panel A). The pattern of total RNA yields from theTable I
PCR primer sequences and sources used in this study
Gene Bp Primer sequences T
(°C)
Cycle
number
Primer source
AGGRECAN 313 GAGGAGATGGAGGGTGAGGTCTTT 65 24 Bayne et al.d
CTTCGCCTGTGTAGCAGCTG
BIGLYCAN 406 GATGGCCTGAAGCTCAA 60 28 Human, rat, mouse, cowa
GGTTTGTTGAAGAGGCTG
DECORIN 419 TGTGGACAATGGTTCTCTGG 55 22 Zhan et al.c
CCACATTGCAGTTAGGTTCC
COLLAGEN II 366 GCACCCATGGACATTGGAGGG 65 28 Metsaranta and Vuoriob
GACACGGAGTAGCACCATCG
UROKINASE 392 TGGTTTGCAGCCATCTAC 60 34 Human, rat, cow, pig, baboona
TCCAAAGCCAGTGATCTC
COLLAGENASE 322 TCAGTTCGTCCTCACTCCAG 55 30 Fini et al.e
TTGGTCCACCTGTCATCTTC
PAI-1 263 TGGAACAAGGATGAGATCAG 60 32 Human, cow, minka
CCGTTGAAGTAGAGGGCATT
TIMP-1 326 GCAACTCCGACCTTGTCATC 60 26 Horowitz et al.f
AGCGTAGGTCTTGGTGAAGC
GAPDH 293 TCACCATCTTCCAGGAGCGA 55 22 Applequist et al.g
CACAATGCCGAAGTGGTCGT
Progesterone receptor 431 CCACAGTACAGCTTCGAGTC 60 28 Loosfelt et al.h
CCTGCATAGATCACATCTGG
Estrogen receptor 341 CTCCATGATCAGGTCCAC 60 30 Human, bovine, rata
GTGTCTGTGATCTTGTCC
aConsensus sequences for these species were found from Genbank sequences.
bPersonal communication.
cGenbank accession number S76584.
dGenbank accession number L38480.
eGenbank accession number M17821.
fGenbank accession number J074112.
gGenbank accession number L23961.
hGenbank accession number M14547.
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Transcript levels for a number of genes in cartilage
from primigravida and non-pregnant age-matched
control rabbits were analysed by semiquantitative RT-PCR.
Transcripts levels for matrix macromolecules [type II
collagen (COL2), aggrecan, biglycan and decorin], the
proteinase urokinase (UK) and its inhibitor (PAI-1), the
matrix metalloproteinase-1 (collagenase) and its inhibitor
(TIMP-1), as well as the hormone receptors for estrogen
(ER) and progesterone (PR), were assessed and are
presented in Figs 4, 5 and 6.COMPARISON OF mRNA LEVELS BETWEEN CARTILAGE SURFACES
Transcript levels for the above molecules were first
compared between the five cartilage surfaces (i.e., LFC,
MFC, LTP, MTP and G) within the non-pregnant rabbit
group (Figs 4 and 5).Estrogen and progesterone receptors
Transcript levels for PR were similar in four of the
cartilage surfaces studied, while the LTP exhibited slighlty
lower PR mRNA levels. However no significant differences
were observed (Fig. 5). In contrast, each one of thecartilage surfaces exhibited different transcript levels for the
ER (Fig. 5). The femoral condyles and groove exhibited
higher mRNA levels compared to the tibial plateaus. There
was a significant difference in ER mRNA levels between the
cartilage surfaces (P=0.0003). The BonFerroni test dem-
onstrated statistical significant differences between four
pairs of cartilage surfaces (LFC/MTP: P<0.001; MFC/MTP:
P<0.01; LFC/LTP and MTP/G: P<0.05).Matrix macromolecules
Significant differences in COL2 mRNA levels were
observed between the cartilage surfaces (P=0.012)
(Fig. 4). The BonFerroni test demonstrated a statistically
significant difference between the LFC and MTP (P<0.05).
Aggrecan and biglycan mRNA levels were similar in four of
the cartilage surfaces studied while the LTP exhibited
slighlty lower aggrecan and biglycan mRNA levels, how-
ever no significant differences were observed (Fig. 4). In
contrast, decorin mRNA levels exhibited variations within
the cartilage surfaces (P=0.017) (Fig. 4). The BonFerroni
test demonstrated a statistically significant difference
between two pairs of cartilage surfaces (LFC/MTP and
LTP/G: P<0.05).Fig. 2. Total RNA concentration in articular cartilage surfaces from
non-pregnant and pregnant rabbits.Fig. 3. Total RNA yield in articular cartilage surfaces from non-
pregnant and pregnant rabbits. MFC+G represented more than
half of the total RNA yield.Proteinases and inhibitors
Each of the cartilage surfaces exhibited different colla-
genase mRNA levels (Fig. 5). There was a significant
difference in collagenase mRNA levels between the carti-
lage surfaces (P=0.0002). The femoral condyles and
groove exhibited higher mRNA levels compared to the tibial
plateaus. The BonFerroni test demonstrated statisticallyfive cartilage surfaces of non-pregnant rabbits was similar
to the pattern of total RNA yields from the five cartilage
surfaces of pregnant animals (Fig. 3, Panel A). However,
no significant differences in total RNA yields between
articular surfaces were observed in primigravida rabbits.
Total RNA yield from the MFC and G represented 53% of
the total RNA amount from all of the cartilage surfaces of
the knee joint of non-pregnant rabbits and 58% of the total
RNA amount from all of the cartilage surfaces of the knee
joint of pregnant rabbits (Fig. 3, Panel B). During preg-
nancy, total RNA yields were decreased to 61–80% of
non-pregnant values (Fig. 3, Panel A).
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surfaces (LFC/MTP: P<0.001; MTP/G: P<0.01; LFC/LTP,
MFC/MTP and LTP/G: P<0.05) (Fig. 5). Similarly, every
cartilage surfaces exhibited different urokinase mRNA
levels (Fig. 5). The femoral condyles and groove
exhibited higher mRNA levels compared to the tibial
plateau. There was a significant difference in urokinase
mRNA levels between the cartilage surfaces (P=0.0002).
The BonFerroni test demonstrated statistically significant
differences between four pairs of cartilage surfaces (LFC/
MTP: P<0.001; MTP/G, LFC/LTP and MFC/MTP: P<0.05)
(Fig. 5). A similar pattern of variable TIMP-1 mRNA levels
was observed within cartilage surfaces (P=0.03) (Fig. 5).
The BonFerroni test demonstrated statistically significant
differences between two pairs of cartilage surfaces (MFC/
LTP and MFC/G: P<0.05). In contrast, a different pattern of
variable mRNA expression was observed for PAI-1(P=0.03) (Fig. 5). The BonFerroni test demonstrated
significantly higher mRNA levels for PAI-1 in the MTP
compared to the LTP (P<0.05).COMPARISON OF mRNA LEVELS BETWEEN PREGNANT AND
NON-PREGNANT ANIMALS
Transcript levels for the same molecules were then
compared between both the pregnant and non-pregnant
rabbit groups within the five cartilage surfaces (Fig. 6).Fig. 4. mRNA levels for matrix macromolecules in articular cartilage surfaces. mRNA levels were determined by semi-quantitative RT-PCR
as described in Materials and methods. Values represented the mean±SEM for non-pregnant animals (N=6). Normalized integrated density
values are the image analysis value for the indicated gene normalized to the GAPDH image analysis value.Estrogen and progesterone receptors
For all of the cartilage surfaces, PR mRNA levels
exhibited slight decreases during pregnancy, however no
58 M.-P. Hellio Le Graverand et al.: RNA levels in articular cartilage surfaces during pregnancyFig. 5. mRNA levels for hormone receptors, proteinases and proteinase inhibitors in articular cartilage surfaces. mRNA levels were
determined by semi-quantitative RT-PCR as described in Materials and methods. Values represented the mean±SEM for non-pregnant
animals (N=6). Normalized integrated density values are the image analysis value for the indicated gene normalized to the GAPDH image
analysis value.
Osteoarthritis and Cartilage Vol. 8 No. 1 59Fig. 6. Influence of pregnancy on mRNA levels for matrix macromolecules, proteinases and proteinase inhibitors, and hormone receptors in
articular cartilage surfaces. mRNA levels were determined by semi-quantitative RT-PCR as described in Materials and methods. The mean
value for each molecule in RNA from the non-pregnant animals was set as 100% and the mean±SEM values from the pregnant animals are
presented as percent of non-pregnant values (for each group: N=6).
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lage surfaces from pregnant and non-pregnant rabbits was
observed. In contrast, there was a general trend to a
decrease in ER mRNA levels during pregnancy for each of
the articular surfaces and significant decreases in ER
mRNA levels were observed for the LFC, the LTP, and the
MTP in primigravida rabbits compared to non-pregnant
rabbits (P=0.023, P=0.012 and P=0.048 respectively).Matrix macromolecules
COL2 mRNA levels demonstrated a trend toward a
decrease during pregnancy in the five cartilage surfaces.
COL2 mRNA levels were significantly decreased in both
the LTP and MTP in pregnant rabbits compared to non-
pregnant rabbits (P=0.011 and P=0.004, respectively).
Transcript levels for aggrecan in each cartilage surface
exhibited a trend toward a decrease during pregnancy,
however, compared to non-pregnant rabbits, mRNA levels
for aggrecan in pregnant rabbits were significantly
decreased only in the MTP (P=0.014). mRNA levels for
biglycan in every cartilage surface demonstrated a trend
toward a decrease during pregnancy, however, mRNA
levels for biglycan were significantly decreased in the LTP
and MTP only during pregnancy (P=0.007 and P=0.028,
respectively). Similarly, mRNA levels for decorin in all of the
cartilage surfaces exhibited a trend toward a decrease
during pregnancy, however, compared to non-pregnant
rabbits, significant decreases in mRNA levels for decorin
were observed only in the MTP and G in pregnant animals
(P=0.03 and P=0.006, respectively).Proteinases and inhibitors
Compared to non-pregnant rabbits, collagenase
mRNA levels were significantly decreased in four of the
five cartilage surfaces in primigravida rabbits (i.e.,
LFC: P=0.04; LTP: P=0.002; MTP: P=0.003 and G:
P=9.1E-05). Collagenase mRNA levels in the MFC also
exhibited a trend to a decrease, however, the difference in
mRNA levels between pregnant and non-pregnant rabbits
was not statistically significant. Similarly, compared to non-
pregnant rabbits, urokinase mRNA levels from primigravida
rabbits were significantly decreased in three of the five
cartilage surfaces studied (i.e., LFC: P=0.012; MFC:
P=0.04; LTP: P=0.012). mRNA levels in both the LTP and
MTP exhibited again a trend to a decrease but the differ-
ences in mRNA levels between pregnant and non-pregnant
rabbits were not statistically significant
Transcript levels for TIMP-1 in each cartilage surface
exhibited a trend toward a decrease during pregnancy, and
significant differences in TIMP-1 mRNA levels were
observed in the MFC, LTP and MTP between pregnant and
non-pregnant animals (P=0.012, P=0.012 and P=0.0004
respectively). In contrast, PAI-1 mRNA levels exhibited a
trend toward an increase during pregnancy in all of the
cartilage surfaces studied, however, significant increases in
PAI-1 mRNA levels were observed in the LFC and LTP only
(P=0.035 and P=0.0007, respectively).Discussion
The results presented in this report indicate that articular
cartilage from different regions of the knee joint vary in total
RNA content as well as in transcript levels for a subset ofthe molecules studied. The articular cartilage from the tibial
plateau (i.e., LTP+MTP), in particular the MTP, exhibited
significantly lower total RNA concentration than articular
cartilage from the femur and the G. Such findings could
reflect the previous observation of less cellularity in the
articular cartilage from tibial plateau compared to the
femoral condyles in dog13 and in sheep knees.12,14
In the present report, the differences in mRNA levels for
matrix macromolecules between articular surfaces were
detected rather between cartilage surfaces from different
compartments within the knee joint (i.e., differences
between the tibia and/or the femur and/or the G) than
between medial and lateral sides of the same compart-
ment. The proteoglycans (i.e., aggrecan and biglycan)
exhibited similar levels of mRNA expression between four
of the five cartilage surfaces studied with only slightly, but
not significantly, lower levels in the LTP. Compared to the
other cartilage surfaces, decorin mRNA levels were signifi-
cantly lower in the LTP and COL2 mRNA levels were
significantly lower in the MTP. Such regional variations in
transcript levels may reflect differences in loading as similar
variations in biochemical composition (i.e., collagen and
PG content) have been previously correlated to variable
loads.4,21 In addition, the present findings of differences in
mRNA levels for COL2, aggrecan, decorin and biglycan
between five of the articular surfaces of the rabbit knee are
in agreement with the previous observation of less collagen
and lower PG content and biosynthesis in the tibia than in
the femur of normal ovine knees.22 Another interesting
finding was the striking similar pattern of mRNA expression
(MTP<LTP<MFC=G<LFC) for the proteases collagenase
and urokinase, as well as for the estrogen receptor in the
five articular surfaces. Several studies have investigated
the relationship between breast cancer cell responsiveness
to estrogen and protease-mediated cell invasiveness.23,24
Estrogen has been demonstrated to regulate transcription
of both collagenase and urokinase in ER positive breast
cancer cell lines.25 The present finding of similar levels of
mRNA expression for collagenase, urokinase and ER
within the same articular surfaces suggests that coordinate
regulation of these molecules may exist in chondrocytes.
The present study also extended our previous findings
that pregnancy can exert specific effects on mRNA levels in
cartilage to individual articular cartilage surfaces of the
rabbit knee. Interestingly, pregnancy induced significant
changes in mRNA levels for 7/10 molecules in both the
MTP and LTP, whereas significant changes in mRNA levels
were observed only for 2/10 and 4/10 molecules in the
MFC/G and the LFC, respectively. Thus, the tibial plateau
was affected more by pregnancy than the femoral con-
dyles, at least for the molecules assessed. While a similar
number of molecules were significantly affected by preg-
nancy in the medial and lateral plateau (7/10), the pattern of
change in the two surfaces was somewhat unique. In the
MTP, mRNA levels for 4/4 matrix molecules were
decreased while only 2/4 were significantly decreased in
the LTP. In contrast, mRNA levels for 4/4 proteinases and
inhibitors were altered during pregnancy in the LTP com-
pared to 2/4 in the MTP. Interestingly, the latter differences
were restricted to a ‘set’ consisting of urokinase and its
inhibitor, PAI-1. Therefore, even within the tibial plateau
unique regulation of cell activity must exist.
We have recently described the influence of pregnancy
on gene expression in total (pooled cartilage surfaces)
articular cartilage.18 With the present study, we were there-
fore able to compare differences in mRNA levels obtained
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faces. The present results confirmed the previously
reported changes in mRNA levels in articular cartilage
during pregnancy. Molecules that exhibited a significant
decrease in mRNA levels during pregnancy with pooled
articular surfaces have been shown to exhibit significant
to highly significant decreases (i.e., collagenase and uro-
kinase) in many of the articular surfaces studied separately.
In contrast, molecules for which a trend toward a decrease
or an increase in mRNA levels was previously observed
during pregnancy using pooled articular tissue18 demon-
strated significant to highly significant changes during preg-
nancy when articular surfaces were studied separately (i.e.,
COL2, aggrecan, biglycan, decorin, TIMP-1, PAI-1 and
ER). An explanation of such differences in significance may
be related to total RNA extraction from articular surfaces. In
the present report, two articular surfaces, namely the MFC
and the G demonstrated significantly higher total RNA
concentration compared to the LTP and/or MTP. When
comparing total RNA yield, the G exhibited significantly
higher levels than the MTP. MFC and G accounted for more
than half of the total RNA yield of the five articular surfaces
from control rabbits. Such high levels of total RNA within
both the G and the MFC may explain some of the differ-
ences that were observed when results from the present
report and the previous study using the same five, but
pooled, articular surfaces18 were compared. Higher total
RNA yield in the G may obscure variations in total RNA
content within other articular surfaces with lower total RNA
yield such as the MTP and the LTP. As total RNA repre-
sents mostly rRNA (>80%)+[tRNA+mRNA], the observed
differences in total RNA content could explain the signifi-
cant changes presently found in mRNA levels for COL2,
aggrecan, biglycan, decorin, TIMP-1, PAI-1 and ER that
were detected in one or a few articular surfaces (mostly the
MTP and LTP). The mRNA for these same molecules
exhibited a general trend toward a decrease (or an
increase for PAI-1), but were not statistically significant in
the previous study.18 Therefore, the present results dem-
onstrated that pooling cartilage surfaces from different joint
regions may obscure significant differences by masking
changes within cartilage surfaces.
In summary, the present work has shown for the first time
that there is considerable topographical variation within
cartilage surfaces within the rabbit knee joint when these
are investigated at the molecular level. Firstly, these find-
ings extend previous observations of biochemical differ-
ences between regions of the knee joint. Secondly, the
present results not only confirm but also refine our previous
report of the influence of pregnancy on gene expression in
rabbit cartilage by demonstrating significant mRNA
changes within some of the cartilage surfaces. Thirdly, the
conclusion that regional differences in RNA levels exist
within cartilage surfaces of the rabbit knee joint stresses
the risk of pooling samples from distinct regions of the knee
joint for molecular analysis. Finally, the results presented
regarding regional differences could be important in our
understanding of cartilage responses in other situations,
such as osteoarthritis development, where area-specific
alterations in cartilage biology and biochemistry are
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